Variable pointing direction of LEO system
feeder-link earth station

Fixed pointing direction of
GSO system earth station

Then the joint antenna discrimination contains the term
25Log(<agb) + 25Log(<c{d) dB,

Using spherical trigonometry Cos(<agb) = Cos(§;).Cos(x;).
and Cos(<cfd) = cOs(¢2) cos (o).

Hence in general the joint antenna discrimination relative to
the worst case is given by

4(D) = 25Log[Cos™1{Cos($,).Cos(x;)).Cos™{Cos(B,).Cos(xy))]
- 50 dB ... (iv)

Since g operates to a geostationary satellite ¢ and oy will
remain sensibly constant with time. By contras% f will track
the LEO satellite so ¢ and «<5 will vary fairly rapzdly with
time. Assuming that 1n earth station transmission and
reception are disabled when @$, falls below 10°, then the worst
instants will happen at times when £ both creates and receives
interference at @, = 10° and ¥, = 0° - ie for

<c¢d = 10°, These c1rcunstances will occur for only a small
proportion of the time. For almost all of the time ¢2 and « ,
will have larger values, but whenever these values are such
that 29 - 25Log(<cld) would be less than -10 dBi, no further
discrimination should be assumed. In other words, for any
given values of ¢1 and «;, the maximum value of 4 (D) occurs
whenever <cfd is greater than 36.3°; however, such
circumstances will occur for the majority of the time.

In Figure 3, values of A(D) are plotted for values of d
between 10° and 90° and &, between 0° and 180°, using two
ordinate scales, one correspondzng to <cld = 10° and the other
corresponding to <cfd > 36.3°. This indicates that for the
majority of the time the C/I values for interferences from g
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to ( and from{ to g will be between 14 dB and 28 dB .
(depending on the location of the GSO network earth station)
greater than the figures calculated using equation (i) in
section 3.1. The distances for acceptable interference will
therefore be correspondingly smaller than those in Tables 1A
and 1B. Hence, although the distances in Tables 1A and 1B
could be used as ‘coordination’ distances, both coordinating
parties would have the reassurance that the interference woulad
be much lower than the ‘threshold’ value for most of the time.

Figure 3 also shows that, provided the LEO feeder-link earth
station ({) is located such that x; is greater than about 3580,
more than 14 dB of additional discrimination against
interference will always exist in both directions of
transmission, and for most of the time the extra
discrimination will be 28 AB. Furthermore, for those cases
where the FSS/GSO earth station operates at an elevation
greater than about 25°, the additional discrimination will
exceed 24 dB for most of the time even for «; within +/=35°,

Introducing 4 (D) into egquations (i) and (ii) it can be shown
that even 14 dB would be enough to reduce 15 of the 28
distances in Table s exceeding 130 km, to less than 130 km,
and that 24 dB would reduce all but 9 of the 36 distances
(including all but two of those for which the GSO/FSS is the
‘wanted’ network) to less than 100 km. And it should be noted
that no account has been taken of earth station site shielding
in the foregoing analyses; in many practical cases a further
10 to 20 dB of protection from great circle modes of
interference can be obtained in this way and used to
facilitate coordination.

Therefore a general conclusion is that, if reverse band
working was adopted, the coordination distance between a
proposed LEO/MSS feeder-link earth station and an existing
GSO/FSS network earth station operating at an elevation angle
of 10° or greater would usually be within 130 km, if the
former was planned to be located more than 35° from the
azimuth bearing of the latter. Even in cases where the
preferred location for the feeder-link station lies on or near
the aziputh pointing direction of the GSO/FSS station, the
coordination distance is unlikely to exceed 300 km. Finally,
in all cases the interference will vary between the level at
the coordination threshold and a level 14 dB lower, as the
feeder-station pointing direction changes with the motion of
the LEO satellite.

Thus the UK considers that operation of the LEO/MSS feeder-
links in reverse band mode would be a viable way of
facilitating frequency sharing with conventional GSO/FSS
carriers, except perhaps in bands heavily used for VSAT and
other small dish applications, in areas where large numbers of
such terminals are likely to be deployed. Provided
coordination distances of the orders indicated in the previous
paragraph were borne in mind in locating the feeder-link earth
stations, then the only respect in which RR2613 would need to
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be implemented would be to arrange for the transmissions from
each of those stations to be automatically muted whenever its
elevation angle fell below 10°. Alternatively the feeder-
station antennas could be inhibited from pointing below 10°.
No special facilities would be necessary aboard the LEO
satellites. Since the GSO/FSS earth station antennas would
also operate only at elevations above 10°, these arrangements
would additionally ensure that unacceptable interference into
the feeder-station antennas would be avocided.

In view of the difficulties identified in sections 1.4 and 1.7
of this Report and elsevhere of sharing fregquency bands between
GSO/FSS networks and LEO/MSS feeder-links in the normal mode,
it is considered that the study summarised in this paper has
shown reverse band operation of the LEO/MSS feeder-links to be
a feasible way of avoiding such difficulties.
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2.

2.1

SHARING BETWEEN NON-GSO MSS FEEDER LINKS AND THE FIXED SERVICE

interference Modes

ITU RR 22 allows FSS frequency allocations to be used for feeder-links of other services
but at present there is no woridwide agreement on which particutar frequency ranges withi
those allocations should be used for non-GSO MSS feeder links. Therefore for the time
being, since the great majority of the FSS allocations are shared with the FS on a co-
Primary basis, it is necessary to consider C-band, Ku-band and Ka-band possibilities for
the non-GSO MSS feeder-links. (The small proportions of the FSS bands not shared with
the FS are either not availabie to the FSS on a worldwide basis, or are likely to be heavily
used for VSAT and other small dish services which will be incompatibie with non-GSO
MSS feeder-links). Fig 1 below illustrates the sharing scenario:

M

sS
SATELLITE

FIGCGURE | .
Ry S
6, & P , ,
30 GHew s F AN
~ '/ //_
Al e
20GhEz

) |
e e i \
4 NN {77 A
D N N NN NN B0 QAL NG 777'37777
— c—. N AN N N \\ ' \\. AN \\ ., - ‘
—_ Y RS Y S

MSS 'GATEWAY' STATION

—————— interfercnce
haths

A, B and C are terrestrial microwave radio-relay terminals.

in general terrestrial radio-relay links use each frequency allocation shared with the FSS
both for transmitting and for receiving, whereas with rare exceptions the FSS earth static
transmissions are confined to the earth-to-space bands (6, 14 and 30 GHz) and the FSE
satellite transmissions are confined to the space-to-earth bands (4, 11 and 20 GHz).
Therefore, assuming that the MSS feeder-links use the FSS bands as currently allocatet
interference to FS receiving terminais from the satellites will
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occur at 4 GHz, 11 GHz or 20 GHz, while interference from the earth stations wili occur at
6 GHz, 14 GHz or 30 GHz. Correspondingly interference from FS terminals to the MSS
satellites will occur at 6 GHz, 14 GHz or 30 GHz, while interference 1o the MSS gateway

stations will occur at 4 GHz, 11 GHz or 20 GHz.

The possibility of the MSS feeder-links operating in reverse-band mode is considered in
section 2.6.

In Fig 1 interference between the main beam of an MSS gateway station and FS terminal A
is shown occurring at ¢, degrees relative to the principal axis of the gateway antenna. The
worst case will occur if the azimuth bearing of the gateway antenna is aligned with the

main beam of the FS terminal, and the gateway antenna is operating at its minimum

elevation angie (usually 10°) - ie when ¢ = 10°. Note that these circumstances may never

occur, and that even if they do, they will only occur for a small proportion of the time since
the gateway antenna will track the motion of the non-GSO sateliites.

Interferences between the satellite and the sidelobes of terrestrial radio-relay terminal B,
and between the satellite and the main beam of terminal C are also shown. For the instant
ilustrated, the impact of the interference to-and-from terminal B will be reduced by the
discrimination of terminal B's antenna at ¢, degrees off-axis. No such protection is
available to terminal C, but in most cases, since the non-GSO sateliites will use spot beam
antennas for their feeder-links, some satellite antenna discrimination will be availabie.
However, since the instance of direct coupling between the main beams of both satellite
and radio-relay terminal cannot be precluded at this stage, it must be addressed. Here
again the level of interference in both directions will vary as the non-GSO satellite
progresses roungd its orbit, and the worst cases will occur only for small proportions of time

2.2 Carrier Parameters
At the time of writing the only non-GSO MSS feeder-link parameters available to the
authors are those listed in Table 1(b) on page 167 of Document ITU-R 4A/181, except tha
those for Ka-band have been updated as a result of information made availabie by
IRIDIUM. Three sets of carrier parameters have been extracted from that tabie, and are
given in Table 1 below :- '
Table 1
Earth | Earth Singlel
Sat Sat Earth Stn Stn | Clear Entry -
Car Freq Car Band Rec | Trans Sat Stn Tran | Rec Air intert
No. Origin Orbit | Band | Type width | Gain | Gain EIRP EIRP | Gain | Gain CIN Criteric -
{kHz) | (dBi) | (dBi) | (dBW) | (dBW) | (dBi) | (dBi) { (dB) ©
1 | INMARSAT | LEO | ¢€ 0.6 072 | 15.0 | 150 | -48.1 288 | 540 | 49.2 | 6.2 6% of
- HEIGHT | 765 kbit/s : total
SCALED (km) BPSK noise
2 JwP92 | LEO | Ku PCN | 1260 | 6.0 | 6.0 2.5 548 | 513 | 492 | 5.8 6% o
plus 10dB | 765 TOMA- totat
(km) FODMA noise
3 IRIDIUM | LEO | Ka | pgpsk [30900 { 203 | 237 | 135 | 432 | 553 | 53.0 |up6.0 %0
780 23 FEC dn150{ total .
(km) noise
y ITU-R Rec 523
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Parameters of a number of FS carriers are in ITU-R Recommendation 758 (1992
version). These include carriers for frequencies below 3 GHz and above 10 GHz, but
unfortunately not for the 4 and 6 GHz bands. Pending the availability to the authors of
C-band FS carrier parameters, those quoted in Rec.758 for the 2 GHz band are used

here, since the fade margins are not likely to be substantially different from those at C-
band.

Six sets of FS carrier parameters have been extracted from Annex 2 to Rec.758, two for
analogue TV and four for digital telephony and data, as shown in Table 2.

Tabie 2
Net Net Thermal
Antenna | Antenna Noise in Single-
Carrier | Frequency | Carrier | Bandwidth | Transmit | Receive | EIRP | Recvr BAW | Entry Interf
Number Band Type Gain Gain Criterion
{(kHz) (dBi) (dBi) {dBW) (dBW) -
625 13dB
line . below
4 c* PAL TV 40000 31.0 31.0 38.0 -118 Rec Thmi
Noise
4-PSK 13 dB
8 below
5 c mbit's 4000 29.0 29.0 30.0 -133 Rec Thmi
Noise
825 13dB
line below
6 Ku PAL TV 29000 42.0 420 52.0 121 Rec Thmi
Noise
4-PSK 13 dB
16 below
7 Ku mbits 4000 49.0 490 45.0 -128 Rec Thmi
Noise
4-PSK 13dB
140 below
8 Ka . mbivs 68000 41.0 410 2*0 -119 Rec Thm'
Noise
FSK 13d8
8 beiow
8 Ka mbit/s 16400 47.0 47.0 370 -122.6 Rec Thm
Noise
* Actually 2 GHz . Long-term, allows for other entries.
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2.3 Antenna Radiat‘fon Patterns

For the MSS feeder-link antennas it is assumed that the sidelobes will conform to
ITU-R Rec.580, e

Ggim = 29 - 25i0g(¢) dBi for1° < ¢ < 36.3° and
Ggim = -10 dBi for $ >36.3°

Since these antennas will never operate closer than 10° with respect to the direction of
a radio-relay receive or transmit terminal, the main beam and first sidelobe patterns are
not significant for the present paper (aithough the on-axis gain is significant).

For the fixed service antennas the reference sidelobe pattern described in ITU-R Rec.
699 is used here -

G,=52- lOLog(%) - 25Log(¢) dBi for ¢, < ¢< ¢, and
G, =0 dBi foro> ¢,
where ¢, = 1007 and ¢, is givenby 52 - IOLog(-?)— 25Log( ¢,)=0

For the frequencies and dish sizes of interest Tabie 3 gives the relevant gains -

Table 3
Gsit
Frequency | Wavelength Dish RS S8, - Gain at o Gain
(GHz) (+ metres) | Diameter | (degrees) | (degrees) ¢, (dBi) Beyond
(m) ¢. (dBi)
4 0.075 1.1 6.82 411 19.5 0 |
6 0.05 0.6 8.33 44.5 18.2 0 1
11 0.0273 1.4 2.0 24.9 27 .4 0
14 0.0214 2.5 0.86 17.9 33.0 0
20 0.015 0.7 2.14 25.8 27.0 0
30 0.010 0.8 1.11 19.9 313 0

The sidelobe radiation patterns are plotted in Figure 2

24 Interference between MSS Satellites and Terrestrial Radio-Relay Stations

. 2.4.1 Interference from Satellite to Radio-Relay Station

ITU-R Rec.358, revised in recent months, sets limits on the power fiux density (pfd) in
any 4 kHz (or 1 MHz) band at the surface of the Earth produced by satellites in the FSS
using the same frequency bands as line-of-sight radio-relay systems. Since in the
worst case the lower the angie, relative 1o the Earth's surface, that the interference
arrives at a radio-relay terminal, the lower the discrimination afforded by that terminal's
antenna pattern, the pfd limits are expressed as a function of the angie of arrival (8).
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in the MSS feeder-link carrier examples given in section 2.2 the satellite orbit is
circular, with a height (h) of 765 km.

MSS SATELLITE
L

/ [ S
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From the geometry of Figure 3
d =1000{ 8376+ 1\ ~ g sin- w]} metres o, (i)
Cos(6) 6376+ h

Also, since the MSS carriers will have relatively ‘flat' RF spectra, the pfd incident on
terrestrial terminal (T) per 4 kHz is given by - :

Interfering carrier bandwidthin ld-lz) dB/akHz

pfd=EIRP_,. -10Log(4nd®) - IOIOG( -

using the satellite EIRPs in Table 1.

Table 4 compares the maximum pfd values caiculated from equations (i) and (ii), with
the limits in Rec.358. .
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Table 4

Caiculated
interfering Frequency Arrival Angle Vaiue of d interfering Rec.358 pfd
Carriers Band (degrees) {mx1 ptd Limit
(dBW/m2/4 kHz) (dBW/m2/4kHz)
0 32.16 -181.78 -182
5 27.08 -180.30 -182
1 c 25 15.01 -175.17 -142
90 7.65 -168.72 -142
0 32.16 -158.62 -150
5 27.08 -1§7.13 -150
2 Ku 25 15.01 -152.00 -140
90 7.65 -145.55 -140
0 32.16 -132.5/1 MHz -115/1 MHz
5 27.08 -131.171 M2 -115/1MH2
3 Ka 25 15.01 -125.9/1 MH2 -105/1 MHz
90 7.80 -119.5/1 MH2 -105/1 MHz

Since all the calculated pfd levels are comfortably within the prescribed limits it seems
uniikely that the down-path MSS feeder-links will be a barrier to frequency sharing.

2.4.2 Interference from Radio-Relay Station to MSS satellite

Clearly, the worst case is when, instantaneously, a radio-relay terminal illuminates the
satellite with its main beam (ie terminal C in Figure 1) If there is no discrimination by
the satellite's receive antenna pattern, then

C

—=EIRP,,

- EIRP_,

=roigy Do

Appropriate Protection Ratios (pr) for the MSS feeder-link carriers may be calculated
from the equation .

pr = operan'ng—ﬁ-'q— lOLag(l—gg) - 10Log|:

Interf carrier BW 4B
MSS carrier BW

Note that for the TV carriers only 2MHz p-p energy dispersal bandwidth ts assumed.

Substituting the earth station and terrestrial EIRP values into equation (iii) and the C/N
vaiues from Tabie 1 into equation (iv), the two equations are compared in Tabile 5

below.
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Tabile 5

interfering FS | Wanted MSS Caiculated Protection . Discrimination |
Carrier Carrier Ratio Shortfall
< (pr - CN)
b = (dB
Number Number ; (dB) (dB) @B |
4 1 -10.2 -16.0 - B
5 1 -1.2 -18.0 - |
6 2 28 6.1 3.3
7 2 0.8 3.1 - |
g 3* 122 4.7 - ]
9 3 6.2 10.9 47 l
* Valid only for reverse-band working case.

2.5

The discrimination shortfall of 3.3 dB in the case of carrier 6 interfering with carrier 2,
and of 4.7 dB for carrier S interfering with carrier 3, would be eliminated if the satellite
receive beam provided a smail amount of discrimination (which will usually be the
case in practice), or, in the first case, if the energy dispersal of radio-relay carrier 6
was increased to about 4.3 MHz peak-to-peak. In any case, for the great majority of
the time the position of the LEO sateliite will be such that the interference from any
particular radio-relay terminal will be emitted via the sidelobes of the terminal's
antenna radiation pattern, thus reducing the level by up to 40 dB (see table 2 and
Figure 2). It is considered uniikely that more than one or two terrestrial terminals will
be pointing directly at the LEO sateliite at the same time.

Hence, sharing is unlikely to be significantly inhibited by terrestrial link interference to
the MSS sateliite up-path feeder-links.

Interference between MSS Gateway Stations and Terrestrial Radio-Relay Stations

2.5.1 Interference from Gateway Stations to Radio-Relay Stations

The interference into radio-relay terminal A in Fig 1 is shown as received by the main
beam of the terminal. In general this assumption is pessimistic, since it will usually be
practicable to locate the gateway station on a geographical bearing which would
ensure that the interference was received by the sidelobes of the terrestrial antenna
pattern. Fig 4 illustrates the general situation.
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ENVELOPE oF AwTenNA RADIATION PATTERN

MSS GATEWAY
STATION

FIGURE & RADio - RELAY
TERMINAL

The pointing direction of the radio-relay antenna remains fixed in the horizontal plane (or
close to it), while the MSS gateway antenna pointing direction varies over a solid angie of up
10 about 1.8 x steradians as it tracks the LEO satellite.

¢ 1s the off-axis angle between the principal axis of the gateway station's main beam and the
line of interference between the two terminals, and from the geometry of the diagram it can be
shown that ¢_ = Cos-1[Cos(EL).Cos(AZ)]

¢, is the bearing of the MSS gateway station with respect to the radio-retay terminal.

In the worst case ¢, = 0° and at the worst instant AZ = 0° and EL = 10°, assuming that the
gateway station does not operate at elevation angles lower than 10°.

Thus from Fig 2, if ¢, = 0°, the antenna discrimination will vary from (G, - 4) dBi

to (Gm - {-10}) dBi - a 14 dB range - as the gateway antenna tracks its satellites. If

Gm = 54 dBi, for example, the variation of discrimination with time will be from 50 to 64 dBi.
Similarly, if ¢, is greater than an angle between 17.9° and 44.5° (depending on frequency),
the joint antenna discrimination will vary from [(Gm, - 4) + (Gt - 0)] dBi to

[(Gm - {-10}) + (G¢ - 0)] dBi. For typical antenna gains of Gy, = 54 dBi and Gy = 41 dBi (see
Tables 1 and 2), the discrimination will vary between 99 and 105 dB. -

Clearly, two factors will have a substantial influence on the separation distance (dmin)
between the two antennas required to keep the interference within an acceptable leve! -
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. The angle ¢, this will be determined by the geographical location of whichever
of the two terminais is the later to be installed (usually the MSS gateway station
since in the frequency bands of interest many FS stations ailready exist, while
non-GSO MSS networks have yet to be implemented);

» the proportion of time for which the minimum gateway antenna discrimination '
exists; it is reasonable to assume that a higher level of interference could be

tolerated for small proportions of time than the acceptable leve! for full-time
interference.

Bearing these factors in mind, calculations of dmi have been carried out for 4, =0°
and for ¢, 2 ¢, in Table 3, in each case for ¢, = 10° and for ¢_ 2 36.3°.

Such caiculations require the propagation attenuation over the Earth's surface to be
modelied. For specific 'live' cases the topography of the terrain along the interference
path would need to be incorporated into the model, taking account of iocal site
shietding at each antenna. This is not practicable in a general study such as the
present one, but ITU-R Rec.847 (1982), entitied "Determination of the Coordination
Area of an Earth Station Operating with a Geostationary Space Station and Using the
same Frequency Band as a System in a Terrestrial Service", describes generally
applicable mathematical models for two propagation modes. These are:

. Mode 1 - great circle propagation mechanisms, and

. Mode 2 - scattering from hydrometeors.
The Recommendation models short-term propagation mechanisms in both cases, and it
could be argued that their use in calculations where either the interfering or the wante
antenna discrimination varies widely with time is unduly pessimistic. In recognition of
this argument only the Mode 1 model is used in the present caiculations and, since the
non-GSO MSS systems currently being planned are mostly intended for land-mobile
and PCN appiications, it is assumed that the gateway earth station-to-radio-relay
interference paths will be predominantly over land (rather than sea).

Equation (6) of ANNEX 1 to Rec.847 is as follows ‘-
L(p)=F. + G, |42+ AG|- P(p)

where L (p) Is the minimum permissible transmission ioss between two isotropic
antennas (in dB),

P is the input power ievel {0 the transmitting antenna of the interfering
station (in dBW)

G, is the gain of the interfering antenna in the direction of the “wanted
station (in dBi)
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|42 + AG] is the antenna gain of the 'wanted' station in the direction of the
interference, and

P(p) is the threshold interference level at the terminals of the receiving

antenna of the ‘wanted' station to be exceeded for no more than
p% of the time. p is taken as 0,1 in this analysis.

in the pariance of the present case this equation can be re-written -

L(p) =[EIRP“ o -G, ]+ G,. + G, -[receiver thermal noise -13)+10 log(-g'—} dB

where By is bandwidth of terrestrial carrier and By, is bandwidth of MSS carrier.

Combining equations (7), (8) and (10) of Annex 1 to Rec.847 we obiain:-

L(p)=Y f.d +120+ 20log(f) + log(p) + 5p*° + 4, dB

where
f = frequency (GHz), and Ay, is a parameter to correct
for the elevation of the interfering station's horizon relative to the
horizontal plane. For present purposes the horizon can be assumed
to have zero elevation, for which An = 0.
B(pl.d = the attenuation of the ith section of the interference path (d),

assuming that the path comprises a sequence of sections of differing
radio-climatic zones. There are four such zone types - coastal land,
other land, cold seas, warm seas.

In keeping with the earlier argument, for present purposes the entire interference path
is taken as being in Zone A7 (land, other than coastal land). Hence we may write :-

L,(0.1)=ﬂ0.1).¢1.+ 20Log(f)+120.581 dB . (vii)
Equation (11) of ANNEX 1 to Rec.847 defines A p) as
Ap)=0.01+8,(p)+ B, + B, dBkm

For Zone Ay f,.(p)=0.04 +0.05Log( f) +0.16p™
~.B,.(0.1)=0.167 + 0.05Log( /)

6.09 . 4.81
f1+0.227 (f-57V+1.5

For f < 57 GHz, B, =[7.19x10” + ]f’xlO" dB/km
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and for Zone Ao,

5. = [0. 06575+ 3.6 10.6 . 8.9 ]

f-22.2) +85 (f-183.3) +9.0 (f-325.4) +26.3
xf1x7.5x10™* dB/km

Substituting for f in these equations yields the values of Ly(0.1) in Table €.

Table 6
Frequency | 5 (0.1) B, B. | A0 Lp(0.1)(dB)
f (GH2) | 4g/km) | (dB/km) | (dBkm) | (@Bkm) [ X + Y.d ]
) 0.1971 | 0.00615 | 0.00082 | 0.21417 | 1326 + 021417 ¢
3 0.2055 | 0.00638 | 0.00214 | 0.22442 | 136.1 + 0.22442.d
11 0.2151 | 0.00722 | 0.00845 | 0.24477 | 141.4 + 0.24477 d
12 0.2243 | 0.00800 | 0.01672 | 0.25802 | 143.5 + 0.25902.d
20 02321 | 0.01037 | 0.10083 | 0.35330C | 1466 + 0.35330.d
30 0.2405 | 0.01845 | 0.07979 | 0.34918 | 150.1 + 0.34918.0

and, substituting for Lyy(p) in equation (vi) we get -

d., =-)1;[£1RP,,S -G, +G,, +G, - Rec.Th.Noise + 13 + 10Log[§)— x} km .. {viii)

- L]

Then, inserting the appropriate values from Tables 1 and 2 and Fig 2 yields Table 7
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Table 7

EIRP Rec
intrt | wnsd | Freq | 1 lfemss | %= | & G *f;‘ *Gg T,,::', T A
-— o ) : . s ¥ bl
Car | Car j GHz | "p"| dBw | deg | deg | gp; v oeBi W mm['.J .
10 0 40 | 31.0 232
10 > ¢, 40 | 0.0 840
1 4 6 |445 1 288 [22%3| O 540 {-100{ 310 | -118 474 136.1 | 13 {168
TNy -10.0 | 0.0 57§
2
10 0 40 | 280 245
10 > 4, 40 | 00 116
1 5 6 |445 | 288 [zm.a| O 540 | <10 | 26.0 | -133 374 1361 | 13 { 183 ‘
2% .3 > ¢2 =10 0.0 102J
10 0 40 | 42.0 I 245
0 | p 40 | 0.0 83 4 |
2 8 14 [ 386 | 548 {23 O 513 [-100 | 420 | -121 236 1435 | 13 {191
28354 -100 | 0.0 | 610 |
IR 20 | a5¢C 1 ] 266
L
RS 5. 40 | 00 ‘| | 1 194
) | !
2 7 14 | 386 | 548 [2%3] O 513 [-100 | 450 | -128 15.0 1435 | 13 [ 212
2ol sy 100 | 00 50 7
- 2
10 0 40 | 410 108.5
10 2 ¢, 40 00 59
3 8 30 {286 | 432 [2%.] O 553 -100 [ 410 | -119 13.4 1501 | 13 {1012
2% [ 5 g 100 00 {12
= T2
10 0 40 | 470 110.4
10 > 6, 40 | 00 45
3 9 30 |28 | 432 vl © 555 [-100 1 47.0 | -123 72 1501 | 12 [ 103
eyl > ¢’ -10.0 00 1.0
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[* Aliows for multipie interference entries and is slightly pessimistic since inter-MSS carnier
guardbands are ignored.)

Noting that a few of the o, values calculated using the Rec. 847 method were quite

small, and could correspond to cases where the two antennas are within sight of each

other, it was considered prudent to calculate dmin in those cases assuming free space
line-of-sight propagation conditions, ie that :-

Lp(p) = 92.44 + 20Log(f) + 20 Log(dmin) dB {f in GHz and dm;n, in km}.
Substituting this expression for Lp(p) in equation (vi) leads to the following equation :-

20Log(dmin) = EIRPmgs - Gm + Gsim + Gsit - Rec. Th. noise + 10Log(Bt/Bm)
-20Log(f) - 79.44 ....... (ix)

If the difference in altitude above sea level of the MSS gateway station and the radio-relay
station is 500 metres - a reasonably conservative assumption - then Figure 5 shows that
the two stations will just be within line-of sight of each other (assuming flat terrain) when

d = [(6376.5)< - (6376)2]0.5 = 80 km.

Figure 5 <

37¢ km 6376 km

.

Therefore dmin for free space loss has been substituted in Table 7 in those cases where
the great circle propagation model would otherwise result in a distance less than 80 km,

and less than the distance given by free space conditions. In 3 cases the values based

on free space loss were well beyond line-of-sight, so a loss rate of 2 dB/km beyond 100
km was substituted to obtain more realistic distances.

ACCEPTABILITY OF dpmin VALUES IN TABLE 7

-

ERRTH ¢
CENTRE

If these values are seen as coordination thresholds, then the worst cases should be
considered, and these depend on ¢, , the bearing of the MSS gateway station with respect

to the location of the radio-relay terminal (see Figure 4). Since the MSS/LEO networks
have yet 1o be installed it would seem feasible to locate the gateway stations to ensure

that ¢ exceeds the value of ¢, given in Table 3 for the frequency band of interest. If this

1s done, then the values in Table 7 suggest that coordination would not usually be
necessary for radio-relay terminals more than 200 km from each MSS gateway station.

For the purposes of coordination in those instances where it is necessary it will be helpful
to know the variability of the interference with time. This depends. on the pointing of the
MSS gateway station as it tracks its non-GSO satellites. To obtain an idea of the

proportion of time for which ¢_ (see Figure 4) is small a-computer program which, inter-
aha calculates ¢, atintervais of 1 second as the non-GSO satellite progresses round s
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orbit, was run for a simulated period of 400 or 500 days. These runs were arranged to
determine the value of 25Log(¢_ ) for an MSS gateway antenna tracking a single non-
GSO satellite, assuming that, on each ‘pass' the antenna “picks up' the satellite when

¢. = 10° and operates to it continuously until g, is again equal to 10°, when it hands over
to another gateway station. Reference to Figure 2 shows that between

¢. = 10° and ¢_ = 36.4° the sidelobe gain envelope varies from 29 - 25Log(10) = 4 dBi to
29 - 25L0g(36.4) = -10 dBi, and that beyond 36.4° it remains at -10 dBi. Therefore by
calculating, over a period of many days, the number of 1 second intervals for which
25Log( ¢, ) lies between 24.5 and 25.5, then between 25.5 and 26.5, then between 26.5
and 27.5 and so on, a histogram may be plotted showing the proportions of time for which

each decibel of additional interference reduction will be provided by the discimination of
the gateway antenna's radiation pattern.

The results of these runs are contained in Figures 6, 7 and 8, corresponding to orbit
heights of approximately 770 km, 1500 km and 10000 km, which are the approximate
heights planned for the IRIDIUM, GLOBALSTAR and INMARSAT Project-21 MEO
systems. The approximate orbit inclinations of these three systems were aiso used.

[In these three Figures the word "theta" corresponds to the symbol ¢_ used in the text].
The numbers of seconds corresponding to each bar of each histogram should not be
taken literally, since in practice the MSS gateway station will operate to other satellites
auring the time the satellite in question is not in view, and also because the ‘handover’
strategy may well differ from the one described above. However, making the (probably
pessimistic) assumption that a given gateway station will transmit (and receive) for 100%
of the time, these results serve to indicate that the worst interference to terrestrial
networks will occur for only a small proportion of time Taking the sum of the histogram
bars in each figure to correspond to 100% of time yieids Fig 8. From this it appears that,

regardless of orbit height. the results in Table 7 for ¢_ > 36.3° will apply for more than
80% of the time

Thus a further question arises - ie "typically, how long will it take ¢, to move from 10° to
36.3° 7" - in other words, “what is a typical period for which less than the maximum
gateway antenna discrimination will last, when it occurs?”. This can readily be
determined for a case of a gateway station situated on the Equator and the non-GSO
satellite passing directly overhead, because the assumption of plane geometry involves
only a very small error. Fig 10 illustratesthe exampie.

NON = &S50

GARTEWAY
SThTion

NoN-(GSOo

VS Jnj/mi n
T EARTH p ‘.3°
Figure 10 o5 doy /min
L
MSS
GATENRY
STA TN
Three dimensional view View in orbit plane
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The angle of interest () can be determined from the geometry -

. 6279.1 . 5138.6
6=26.3 - Sin™ ] S '[———} degrees = e X
" [6376+h M oI )
Ve __ V5 The velocity with which the non-GSO sateliite traverses 6 is
4 4 the relative velocity of the satellite with respect to the Earth (Vy) -
2 /
/’ [/ The absolute velocity of the sateliite (V) is given by -
.
AT 42162 i
/ / V= (———)’ deg/min e xi
F =02\ g+ n,) OB/ &)
Do
' " / and from the vector diagram
L/ .
oty vi=[©0.257 (V) - 220252V xCos)] degimin ..o (xii)
?a-g/ min 6
Then the duration of traverse from ¢_ = 10°to ¢ = 36.3° is given by Vi minutes
........ (xiii)
Table 8 was produced using equations (x) to (xiii) .-
Tabie 8
Traverse Absolute Velocity Duration
ORBIT Angl Velocity of | Relative of
gle Satellite to Earth Traverse
Type Height incunation 6« deg) Vg deg/min V, deg/min minutes
(krm) 1 (deg!
RIDIUM 770 80 10.79 3.583 3.548 3.040
GLOBALSTAR 1500 52 14.16 3.096 2.948 4.80
INMARSAT P-21 | 10000 50 22.04 1.033 0.883 24.68

The values of dmjn in Table 7 indicate that the coordination of an MSS non-GSO-
gateway station with a radio-relay terminal should be no more difficult than the
coordination of a conventional FSS earth station with the radio-relay terminal.
Provided that care is taken in the selection of the site for the gateway station, typical
coordination distances would be less than 200 km even if based on the (short-term)
worst pointing direction of the gateway antenna.

in view of the facts that (a) for the majority of the time the pointing directions of the
gateway antenna will be such that its interference to the radio-telay terminal will be 1<
dB below the maximum (see Fig 9), and (b) that the periods during which the
interference will rise above the '-14 dB level' will last for only a few minutes (see Table
B), it would seem practicable to use the distances corresponding to the '-14 dB level' : .
coordination distances. This possibility is enhanced by the fact that the interference
levels themselves are calculated using a short-term propagation model. Using this
rational Table 7 suggests that typical coordination distances would be less-than

100 km. :
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Table 9

§8 'uoday jsuld 8L3S

Interf Wanted Freq 1 EIRP |. G, t Gen |1 Ggun | EIRP . Path- | G, 4 ( N a
Cartier Carrler Band — FS ¢, ¢... Sat loss - Bm - X + 122 min
Y {dBW) (dBi) (deg) (deql {dBi) (481} {dBW) {d8) (dBi) N 10lo B {km)
(dB) t
0 0 | 3o | a4 3586
0 2 36.) 310 10 2932
4 1 c 4669 390 30 > ¢ 10 0 A -48 1 196 5 492 62 AT 4 1326 122 2138
=¥
2361 0 -10 1495
> ¢,
0 10 290 | 4 3632
0 2 W) 290 -10 2979
5 ' c 4 669 00 290 > ¢ 10 0 4 -48 1 1965 492 62 374 1326 122 2278
— 2 e ey -
2 W) o -10 o
2 ¢
0 10 420 4 2766
0 2363 420 10 2194
6 2 Ku 4085 520 420 > ¢ 10 0 4 25 2053 492 59 -238 1414 122 1050
i 2
> ¢‘ 21 0 -10 577
0 10 490 4 283.1
0 23.) 430 -10 2289
7 2 Ku 4.085 450 490 i ¢ 10 0 A 2§ 2053 492 59 -150 141.4 122 829
‘ ]
21363 0 -10 524
> 4,
0 10 410 4 130.8
0 236.) 410 10 911
8 3 Ks 2830 k1] a0 > ¢ 10 0 4 135 2105 530 150 -134 146.6 122 147
1
2V [4) -10 1 0
> ¢,
0 10 470 4 206.0
0 236.) 470 -10 125.7
9 3 Ka 2830 ro 470 > ¢ 10 o 4 135 2105 | 530 | 150 -1.2 146 6 122 323
- n
]
> ¢, 2363 0 0 16




2.5.2 Interference from Radio-Relay Stations to Gateway Stations

From Figures 1 and 4 it is evident that the mode of interference in this direction is sim:iar
to that analysed in section 2.5.1, except that it will occur in the 4, 11 and 20 GHz bands.

Thus equations (vi) becomes:

Lp(p) = EIRPES carrier- G + Ggjt + Ggim - ! @B.... ... ... .. (xiv)

where | is the permissible interference power (in dBW) at the terminals of the gateway
antenna and within the MSS carrier bandwidth and the other symbols are as defined
earlier in this text.

Butl= C --(]';dBW. where C is the MSS carrier power at the gateway antenna terminails

and & is the protection ratio for the particular combination of ‘wanted’ and ‘interfering'

]
carriers.

C = EIRPggatellite -~ Path loss from GSO + Gy dBW

c ¢ 100 B
and - -~ v b et
; operating N ' 101,05,( g )-+ lOLag[ 2 } dB

Hence /= EIRP, - puthinss 1 G, - %- 101.0g( %-J- 12.2 dBW

.. Substituting for | in equation (xiv) -

c B
L(p)=EIR:,, -G, + G, + G, - LIRP_ + pathloss G, 7\—,--# 10]..0;;[;‘—)4 12.2 dB ..

o (xv)

and the vaiues of Lp(0.1) in terms of the interference path length (d) have already been
caiculated, and are included in Table 6. Using equation (xv) and the appropriate
parameters from Tables 1, 2 and 6, an equivalent Table to Table 7 is given here as Table
9.

as in Table 7, the use of the Rec. B47 model for Tabie 9 led to severa! values of dmin, les:
than 80 km - ie within line-of-sight. In these cases the values were recalculated using fre:
space path loss, and where these exceeded the earlier values but were iess than 100 km
they were substituted in the dmin column. In two cases the values based on free space
loss were well beyond line-of-sight, so a loss rate of 2 dB/km beyond 100 km was
substituted to obtain more realistic distances.
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2.6

ACCEPTABILITY OF dmin VALUES IN TABLE 9

Tabile 9 is very simitar in form to Table 7, except that the range of dm;n values is
rather wider, containing both shorter and ionger distances than Tabie 7. Since the
propagation mode is the same as that for the interference from gateway station to
radio-relay station, and the same antenna discrimination mechanisms apply, simiiar
conclusions can be drawn as those drawn in section 2.5.1. However, in view of the
wider range of dmin values in this case, the same reasoning as used in the last
paragraph of section 2.5.1 leads to the conclusion that typical coordination distances
would be "“less than 150 km" rather than “less than 100 km".

CONCLUSIONS

2.6.1 Radio-Relay terminals are protected from excessive interference from
space stations in the Fixed-Satellite service by power flux density limits prescribed by
the ITU-R. These limits can be applied to satellites using non-geostationary, as well
as geostationary orbits if they use FSS frequencies shared with the FS. The studies
summarised in Section 2.4 1 suggest that down-path non-GSO MSS Feeder links will
not exceed the appropriate ITU-R pfd limits.

26.2 The calculations in Section 2.4.2 indicate that interferences to the up-
path Feeder links of non-GSO MSS satellites from co-frequency emissions from
terrestrial radio-relay terminails are unlikely to exceed single-entry criteria based on
ITU-R Recommendations for digital FSS carriers.

26.3 Based on the analyses in section 2.5.1 it is likely that interference from
the MSS gateway stations to radio-relay receive terminals will be within acceptabie
limits for the great majority of the time for separation distances greater than 100 km,
provided that the gateway stations are sited with reasonable angular separations from
the principai axes of the radio-relay antennas.

Owing to the tracking motion of the gateway antennas the interference would rise by
up to 14 dB for periods of a few minutes aggregating to typically 10% of the time, on
occasions when the 0.1% of time reductions in great circle propagation loss
happened to coincide with those periods. Precise estimation of the proportions of
time for which the coincidences would occur requires statistical analysis, but
superficially they would appear to be of the order of 0.01% of time. No site shielding
was assumed in the calculations. If coordination distances were based on this worst-
case scenario, they would be typically 220 km. )

26.4 interference from radio-relay transmit terminais to the MSS gateway
stations will be subject to the same antenna discriminations as the interference in the
opposite direction, but the range of levels is likely to be somewhat wider. In this case,
provided the gateway stations are not located near the principal axes of radio-reiay
transmit antennas, the interference (without site-shielding) is likely to be tolerabie for
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